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Authors' Abstracts. 



The Loess of Western Illinois an4 Southeastern Iowa. By Frank 
Leverett, Denmark, Iowa. 
The north border of the loess both in western Illinois and eastern 
Iowa appears to have been determined by the ice-sheet. The loess is 
apparently an apron of silt spread out to the south by water issuing 
from the ice-sheet. It is loose textured at the north and becomes 
finer textured toward the south, showing a decrease in the strength of 
depositing currents. The wide extent of the loess over the uplands 
has led to a consideration of the influence of the wind as well as water 
in its distribution. It is thought that wind-deposited loess may be 
distinguished from that which is water-deposited. The wide extent, 
however, appears to be due to water-distribution rather than wind. 
Wind action apparently came into force subsequent to the water dis- 
tribution and is of minor importance. 



Possible Depth of Mining and Boring. Alfred C. Lane. Geol. Society 
of America, Philadelphia, 1895. 
The paper was prepared for the forthcoming volume of Mineral 
Industry. The possible depth of mining was studied from the con- 
struction of a curve representing the minimum cost of mining at vari- 
ous depths. The chief factors in increasing the cost were found to be 
the increased length of time required for a hoist, and the increasing 
temperature. Stress was laid on the efficiency of the escape of com- 
pressed air in neutralizing the increasing rock temperature, and the rate 
of increase in temperature in the Lake Superior copper mines was dis- 
cussed, with the result that an increase in temperature of not more 
than i° F. in 100 feet could safely be assumed and that in all proba- 
bility a depth of 10,000 feet could be reached without insuperable dif- 
ficulty. A shaft is now down 4800 feet, and another one started which 
will not reach the lode until it is down 5000 feet. In the discussion 
following Professor Shaler suggested that the low temperature gradi- 
ent might be due to the cooling effect of the use of compressed air 
in the mines, and Mr. Lane suggested that it might also be due to a 
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rise in the surface temperature since glacial times, and suggested that 
the Wheeling record indicated that, or it might also be due to the 
cooling effect of downward percolating waters. He urged the advan- 
tage of an exploratory boring from the bottom of one of these shafts 
which might thus penetrate nearly 15,000 feet into the earth's crust. 



The Soils of Texas. By E. T. Dumble. Texas Academy of Science, 
[895, pp. 60 and 1 map. 
A preliminary classification of Texas soils is offered based upon 
their geological relations and origin. It is preceded by a brief state- 
ment of the general geology and of the main topographic features of 
the state. This is followed by a general description of the character- 
istic residual soils of the principal horizons of the various geological 
formations present. A brief statement is then made as to the charac- 
ters of the drift soils and a somewhat more extended description of the 
great body of fertile alluvial soils is given, especial attention being 
called to those of the Brazos and Rio Grande. 



The Yardley Fault. By Benjamin Smith Lyman, Proc. Am. Phil. 
Society, Vol. XXXIV., 1895. 

A conspicuous normal fault in the railroad cut near Yardley, 
Bucks county, Pa., had seeming importance from a mistake, through 
certain optical illusions, in the direction of its dip and downthrow; 
but a correct geometrical construction shows the displacement to be no 
more than perhaps twelve feet. The blackish, highly quartzose filling 
is derived from neighboring gneiss, or still closer sand rock, and not 
from trap, as once imagined. Small geological and topographical 
maps of the neighborhood and of the fault, with a cross-section, are 
given. 

The Chalfont Fault Rock, So-called. By Benjamin Smith Lyman. 
Proc. Am. Phil. Society, Vol. XXXIV., 1895. 
The so-called fault rock of the Chalfont railroad cut, Bucks county, 
Pa., formerly supposed to fill confusedly a fault 100 feet wide that heaved 
a nearly vertical trap dike about five miles, is merely much cleaved, 
somewhat folded, dark shale-beds, dipping seventy degrees, or less, and 
striking acutely across the railroad. Two photographic views along 
the strike are given in demonstration. 
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Crystalline Limestones and Associated Rocks of the Northwestern Adi- 
rondack Region. By C. H. Smyth, Jr. 

Extensive belts of highly crystalline limestone constitute an impor- 
tant feature of the region. These belts are separated by wide areas 
of rather massive gneisses, whose origin and relations to the limestone 
are obscure, and afford the chief problem for future investigation. 
They are probably largely igneous. 

Rocks whose igneous origin has been clearly ascertained are scat- 
tered over the whole area. They are chiefly granite, diorite, gabbro 
and diabase. These are all younger than the limestone, cutting it with 
typical irruptive contacts, often affording a variety of contact minerals. 

The most extensive igneous rock passes into a gneiss which spreads 
over a wide area and is quite similar to many of the other gneisses. 
This gives a clue to the origin of the latter. Some of the granites 
are suggestive in the same direction. 

Much crumpling and crushing in the limestone series is indicative 
of dynamic metamorphism, but should most of the gneisses prove to 
be intrusive it would strengthen the hypothesis of thermal metamor- 
phism on a large scale. 

U. S. Geologic Atlas, Folio 1, Livingston, Montana, 18Q4. 

This folio consists of three and one-fourth pages of text, a topo- 
graphic sheet (scale 1:250,000), a sheet of areal geology, one of 
economic geology, one of structure sections, and one giving a columnar 
section. The text is signed by Joseph P. Iddings and Walter H. Weed, 
geologists, and Arnold Hague, geologist in charge. 

The area of country covered by the folio lies between the parallels 
of latitude 45 and 46 and the meridians no° and in , and 
embraces 3340 square miles. It is within the state of Montana, 
including portions of Gallatin and Park counties, and the town of Liv- 
ingston is within its limits. The region is elevated, the lowest point 
being over 4000 feet, the major portion over 6000 feet, and the high- 
est peaks over 11,000 feet, above sea level. 

The principal topographic features are the Snowy Mountains, Gal- 
latin Range, Bridger Range, Crazy Mountains, and Yellowstone 
Valley. The Yellowstone River is the main drainage channel for 
the area. It enters the district from the Yellowstone Park about the 
middle of the southern border, flows northwest and north through a 
closed valley thirty miles long and three miles wide, and at Livingston 
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turns northeast and enters the broad, open valley beyond the frontal 
ranges of the Rocky Mountains. 

The rocks forming the surface of the country are partly crystalline 
schists, including gneiss schist, with granite and other granular 
rocks ; partly sedimentary formations, including limestone, sandstone, 
and shales ; and partly lavas and other igneous rocks. The crystalline 
schists are mainly Archean, and constitute a large part of the southern 
half of the region. They form the high mountains and plateau 
drained by Boulder River, and those from Emigrant Peak south. A 
small area of sandstones, conglomerates, slates, and arenaceous lime- 
stones occurring in the Bridger Range have been referred to the 
Algonkian. They lie unconformably upon the crystalline schists, and 
are overlain unconformably by the Palaeozoic series. 

The sedimentary formations cover one-half the area, and present a 
total thickness of 20,000 feet, embracing all the grand divisions of 
geologic time since the Archean. The chief feature is the great devel- 
opment of the latest Cretaceous strata, which are 12,000 feet thick above 
the Laramie, the total thickness of the Palaeozoic being only 3500 feet. 
The series from the basal (Flathead) quartzite to and including the 
Laramie coal beds, is conformable throughout. The Palceozoic strata 
occur upturned at steep angles against the crystalline schists, or in 
steep anticlines. The lowest bed is the Flathead quartzite. Above it 
are shales and limestones of Cambrian age. The Silurian is repre- 
sented by only a few feet of formation, whose precise age is doubtful. 
Four hundred and fifty feet of shales and limestones represent the 
Devonian. The Carboniferous strata are 2000 feet thick. They are 
here, as elsewhere, the mountain limestones, and form the crest of the 
Bridger Range and the summits of some peaks of the Snowy Range. 
The Trias is recognized only in the southern part of the region, as 
thin belts of red sandstone. The Jura varies considerably in charac- 
ter, being mostly shales and fissile limestones. These two formations 
are 500 feet thick. 

The Cretaceous constitutes more than one-half of the total thick- 
ness of strata. Its lowest member is the Dakota conglomerate, with 
sandstone and some shale. Over this is the Colorado group, including 
Benton shales and Niobrara limestone, aggregating 1800 feet in thick- 
ness. Over this is the Montana group, 1800 feet thick, consisting of 
Pierre shales and Fox Hills limestone. The Laramie sandstone, with 
some intercalated clays and beds of coal, is 1000 feet thick. Above 
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this is a slight unconformity, followed by conglomerates, sandstones, 
and clays of the Livingston formation, 12,000 feet thick. Near the base 
the conglomerate consists largely of volcanic material. True tuff- 
breccia of volcanic rocks occurs intercalated near the base of the 
series on Boulder River. 

Neocene lake beds occur in Gallatin Valley, and on Yellowstone 
River, opposite Fridley. 

Superficial deposits of the Pleistocene period occur as alluvium over 
all the broader river valleys. Glacial drift, consisting of gravel, sand, 
and bowlders, is scattered over the higher parts of the country, and 
covers the Yellowstone Valley south of Chicory. 

Igneous rocks occupy a large part of the area of this sheet. They 
consist of subaerial breccias or agglomerates, with tuffs and lava- 
flows, and of intrusive bodies, such as dikes, sheets, laccolites, and 
stocks or necks. They occur extensively in the southeastern corner of 
the district, and form the Gallatin Range along the southwestern bor- 
der, and another area east of Boulder River. In the Crazy Mountains 
the igneous rocks are wholly intrusive. The extrusive rocks are ande- 
sitic breccia, acid and basic; trachytic rhyolite, rhyolite, and basalt. 
The intrusive rocks are gabbro, diorite, theralite, basic and acid por- 
phyries, basic and acid andesites and dacites. Several centers of 
volcanic eruption, active in early Tertiary time, occur in the region. 
They are at Emigrant Gulch, Haystack Mountain, and Crazy Moun- 
tains. Other centers are just outside of the limits of the atlas sheet. 

The chief economic deposits of the district are the gold-bearing 
gravels of Emigrant, Bear, and Crevice gulches. They have been 
worked on a small scale. Gold veins occur in Emigrant Gulch, Crev- 
ice Gulch, and Haystack Mountain. Copper ores in small quantities 
have been found at the head of Boulder River and of Slough Creek. 
Clays serviceable for brick-building occur in the alluvium near Living- 
ston, and in the lake-beds near Bozeman, also in the Cretaceous strata. 
Two coal fields exist within the district, the Cinnabar field and the 
Bozeman field. The aggregate thickness of the coal is twelve to 
eighteen feet, made up of a number of seams, only three of which are 
workable. The coal is bituminous, of variable character, and in 
places is a fair coking coal. The output in 1889 was 49>4°° tons. 

U. S. Geologic Atlas, Folio 3, Placerville, California, 18Q4. 

This folio consists of one and one-half pages of text descriptive 
of the Gold Belt and one and one-half pages descriptive of the 
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Placerville district, signed by Waldemar Lindgren and H. W. Turner, 
geologists, and G. F. Becker, geologist in charge ; a topographic 
map (scale 1:125,000) of the district, a sheet showing the areal 
geology, another showing the economic geology, and a third exhibiting 
structure sections. 

Geography. — The territory represented lies between the meridians 
120 30' and 121° and the parallels 38 30' and 39°, and contains 
925 square miles. It is located in the upper foothill region of the 
Sierra Nevada, the elevation ranging from 300 feet to 5400. The 
prevailing character of the topography is that of irregular and undulat- 
ing plateaus cut by deep canyons and steep ravines. The district is 
drained by the three forks of the American River in the northern 
part and by the three forks of the Cosumnes River in the southern 
part. 

Geology. — The eastern half of the tract is principally composed of 
a somewhat metamorphosed sedimentary series, the Calaveras forma- 
tion, of presumable Carboniferous age. The rocks consist chiefly of 
clay-slates and quartzitic sandstones, and have in general a northerly 
strike and steep easterly dip. Several irregular intrusive masses of 
granitic rocks are contained in the sedimentary series. The western 
half of the tract is much more complicated. A belt of black slates 
belonging to the Mariposa formation, or late Jurassic age, traverses 
the tract from north to south. To the west of this belt follow again 
sedimentary rocks of the Calaveras formation, greatly cut up by 
igneous rocks. The sedimentary rocks here, as well as in the western 
part, have a northerly strike and steep easterly dip. The western part 
of the area contains a great abundance of basic igneous rocks, con- 
sisting of diabase, augite, hornblendic porphyrite, gabbro-diorite, 
pyroxenite, and serpentine. Over large areas certain of these basic 
rocks have been converted to amphibolitic schists by dynamo-meta- 
morphic processes. Covering the ridges and resting unconformably 
on the older rocks are large masses of Neocene effusive rocks, chiefly 
tuffs and breccias of rhyolite and andesite. These masses form gently 
sloping tables, underneath which the Neocene gravel channels are 
found. 

Economic geology. — The Neocene river channels, with very highly 
auriferous gravel, are exposed and mined at several places in the area, 
for instance, at Todd's Valley, near Georgetown, and in the vicinity of 
Placerville. Many and important auriferous quartz veins are found in 
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the area. The principal ones occur along the belt of Mariposa slates 
previously mentioned, and form the northern end of what is usually 
referred to as the Mother Lode of California. Passing by Nashville 
and Placerville, the vein is almost continuous up to the northern part 
of the area, where it splits up into several branches, which die out 
before reaching the northern border. Important veins are, however, 
also found both to the east and west of this belt. Near the eastern 
line lies the important mining district of Grizzly Flat. 

There are practically no alluvial soils in the area. The deep soil 
on the summit of the ridges is always a residual soil, formed by the 
decomposition of the rocks in place. 

U. S. Geologic Atlas, Folio 5, Sacramento, California, 184Q. 

This folio consists of one and one-half pages of text descriptive 
of the Gold Belt and one and one-half pages descriptive of the Sac- 
ramento tract, signed by Waldemar Lindgren, geologist, and G. F. 
Becker, geologist in charge ; a topographic map (scale 1 : 125,000) of 
the tract, a sheet showing the areal geology, another showing the 
economic geology, and a third exhibiting structure sections. 

Topography. — The Sacramento tract includes the territory between 
the meridians 121 and 121 ° 30' and the parallels 38 ° 30' and 39 °, 
and contains 925 square miles. The western half of the tract embraces 
a part of the Sacramento Valley, while the eastern half contains the 
first foothills of the Sierra Nevada. The elevation ranges from 30 feet 
above sea level at Sacramento to 2100 feet in the northeastern corner 
of the tract. The foothill region forms a sloping and undulating 
table-land, through which the American River has cut a deep and 
narrow canyon. 

Geology. — A small area of sedimentary slates of the Calaveras 
formation (Carboniferous) occurs in the northeastern corner, and a belt 
of black clay-slates belonging to the Mariposa formation (late Jurassic) 
is contained in the igneous rocks of the southeastern part. At Fol- 
som the Mariposa slates are cut off and contact metamorphosed by the 
granitic rocks of the Rocklin massif. The larger part of the older 
rocks of this tract is of igneous origin. A large area of diabase and 
porphyrite is found along the eastern margin. Wide belts of these 
rocks have been rendered schistose and changed to amphibolites by 
dynamo-metamorphic processes. Several masses of granodiorite and 
gabbrodiorite have been intruded into the diabases, porphyrites, and 
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amphibolites. Small masses of serpentine are sometimes found in the 
amphibolite ; others appear intimately connected with gabbrodiorite. 

Superficial flows of andesitic tuffs and breccias cover the older rocks. 
The larger part of these flows has been eroded. The remaining 
masses form sloping tables in the lower foothill region. Auriferous 
gravel channels are found in places below these volcanic rocks. At 
an elevation of 300 feet the andesite is underlain by clays and sands 
of the lone formation, deposited in the gulf which in Neocene times 
skirted the foothills of the Sierra Nevada. The western part of the 
tract is largely covered by early Pleistocene deposits of gravel, sand, 
and hardpan. 

Economic geology. Neocene auriferous gravels have been worked 
to some extent east of Rocklin and south of Auburn. The Pleistocene 
gravels in the foothills have been very rich in gold, but are now mostly 
exhausted. At Folsom large masses of Pleistocene gravels are still 
worked. Auriferous quartz veins have been extensively worked 
between Ophir and Auburn. Small veins are occasionally worked 
near Clarksville and in the vicinity of Pilot Hill. 

The central mass of granodiorite affords excellent building stone. 
Limestones occur chiefly as lenses in amphibolite at many places along 
the eastern border. The soils of the foothill region are residuary in 
character, while the western part of the tract is occupied by deep 
alluvial and sedimentary soils. 

U. S. Geologic Atlas. Folio 7, Pikes Peak, Montana, 18Q4. 

This folio consists of four and-a-half pages of text, signed by Whit- 
man Cross, geologist, a topographical sheet (scale 1: 125,000), a sheet 
of areal geology, one of economic geology, and one of structure sec- 
tions ; followed by a special description of the Cripple Creek mining 
district, consisting of one page of text on the mining geology, by R. 
A. F. Penrose, Jr., and a map (scale 1: 25,000) showing the economic 
geology of the district. 

Geography. — The district embraces an area of 931.5 square miles, 
between meridians 105 and 105 30' and parallels 38° 30' and 39 . 
In its eastern half lies the crest of the granitic Colorado Range, which 
extends from Manitou Park though Pikes Peak to the southern end of 
the range, where it sinks to the level of the plains. The western por- 
tion of the area is a plateau of granite and volcanic rocks, lying between 
8000 and 10,000 feet in elevation, penetrated on the south by deep 
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canyons of streams tributary to the Arkansas River and by the recess 
or bay of Garden Park, nearly at the level of the plains. The princi- 
pal drainage of district is by tributaries of the Arkansas River, which 
flows through the Royal Gorge just beyond the southern boundary. 
The remaining drainage is into the Platte River, which cuts across the 
northwestern corner of the area in a deep canyon. 

The Colorado Midland Railroad traverses the district from east to 
west near its northern boundary. East of the center of the area is 
the mining district of Cripple Creek, reached by branch railroads from 
the north and south. 

General geology. — The granites of the mountains and plateau regions 
are reddish in color, coarse or fine grained, and similar to those of 
many other regions in Colorado. Of special interest is the observation, 
first made by the survey corps, that these granites contain many large 
and small fragments of metamorphosed stratified rocks, quartzites and 
schists, belonging to the oldest series of sedimentary beds, the Algon- 
kian ; and hence the granites are not of Archean age, as has previously 
been assumed. Most, if not all, of the gneisses in this district have 
been formed from the granites by a shearing strain, as is very clearly 
demonstrated in many places. 

The sedimentary formations of the area, and their characteristics 
of special interest, may be concisely referred to as follows : 

Algonkian. — Nearly 4000 feet of white quartzite, in small part con- 
glomeritic, is shown in the huge inclusion in granite in Wilson Park. 
These ancient strata are not known in this region except as inclusions. 

Silurian. — Three divisions of the Silurian strata, each about 100 
feet thick, have been recognized in Garden Park, and named respect- 
ively the Manitou limestone, Harding sandstone, and Fremont lime- 
stone. The Harding sandstone contains the oldest fossil fishes as yet 
known. Minor uncomformities separate these formations, and they 
are not known in so good development elsewhere. 

Carboniferous. — Resting on the Silurian is a thin limestone, called 
the Millsap, carrying a few Carboniferous shells, and known only in 
small remnants. The red sandstones and grits of Manitou and Garden 
Parks, 1000 feet in thickness, are considered as of Carboniferous age, 
and named the Fountain formation. No fossils are known in them. 

The strata of the Juratrias and Cretaceous have been found in 
remnants upon the granite plateau, indicating a former extension of 
these beds connecting with South Park. 
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Eocene — The small lake deposit about Florissant is noted the world 
over for its fossil insects, while fishes, birds, and many plants are also 
found in these thin beds, which are chiefly made up of volcanic ashes. 

The volcanic rocks of the district are numerous and interesting. 
Those of the western portion belong to a great volcanic center south 
of South Park. At Cripple Creek is a local volcanic vent the peculiar 
product of which is the rare rock phonolite. 

Many points in the geological history of the Colorado Range have 
been brought out by the recent survey, such as the evidence of varying 
relations between land and sea at different periods, shown by uncon- 
formities and by remnants of strata on the granite plateau. The shear 
zones shown by the gneisses, and the observed folds and faults of the 
foothills, bear directly upon the structural history of this portion of 
the Rocky Mountains. 

Economic geology. — The gold-bearing district of Cripple Creek is 
directly connected with the volcanic center. The gold ores are free 
milling near the surface, but pass into telluride smelting ores in depth- 
They occur in veins, chiefly in the volcanic rocks, but occasionally in 
the granite near them. The extreme alteration of the rocks of the 
eruptive center, and the unusual character of the gold veins, have made 
a detailed study of the mining district necessary. A special topogra- 
phic and geologic map on the scale -j-5~oTnr> or nearly 2 ^ inches to the 
mile, has been made, and the ore deposits have been thoroughly exam- 
ined by Professor R. A. F. Penrose, Jr. 

U. S. Geologic Atlas. Folio 9, Anthracite — Crested Butte, Colorado, 1894. 

This double folio consists of three pages of text descriptive of the 
Elk Mountains, by S. F. Emmons ; two pages descriptive of the igneous 
formations of the two districts, by Whitman Cross ; four pages descrip- 
tive of the sedimentary formations, by G. H. Eldridge ; of each of the 
two districts a topographic map (scale 1 : 62500), a map of areal geology, 
another of economic geology, and a third of structure sections ; and 
finally, a sheet showing a generalized columnar section of the two 
districts. 

Geography. — The combined area represented on the two sheets 
covers one-eighth of a degree, lying between the parallels 38° 45' and 
39' and the meridians 106 45' and 107 15', and is about 27^ miles 
long from east to west and 175^ from north to south. It includes the 
southern third of the Elk Mountain group, which lies between the 
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Sawatch Range on the east and the plateau of the Colorado basin on 
the west. It is a highly picturesque and mountainous region, and, 
like the San Juan Mountains to the south, has a more abundant precip- 
itation and is more Alpine in its character than other parts of the 
Rocky Mountains. 

The northern half of the eastern or Crested Butte tract is occupied 
by the southern portion of the Elk Mountains proper, whose culminat- 
ing points have an elevation of over 13,000 feet; the southeastern 
portion of that tract includes the distinct and less elevated Cement Moun- 
tain uplift. The rest of this area and the whole of the Anthracite tract 
is occupied by more or less isolated mountain peaks — Crested Butte, 
Gothic Mountain, Mount Wheatstone, etc. — and by one prominent 
north-and-south ridge, the Ruby Range, whose higher summits rise 
between 12,000 and 13,000 feet above sea level. 

The drainage of all this area finds its way through the Gunnison 
River into the Colorado, and the greater part is carried to the latter 
stream through the southward-flowing Slate River and its tributaries. 

The towns of Crested Butte (9000 feet) and Baldwin (8750 feet), 
which are near active coal mines, are reached by branches of the Den- 
ver and Rio Grande and the Denver and South Park railroads respec- 
tively. Other towns higher in the mountains, which were founded by 
silver miners, are Gothic, Pittsburg, and Irwin. Owing to its great 
altitude and abundant precipitation, this region is more or less snow- 
bound during eight months of the year, and mining is thereby rendered 
difficult and costly. 

Geological structure. — The most striking feature in the geology of 
the region is the great development of eruptive rocks which occur as 
irregular bodies cutting across disturbed and upturned strata; as 
laccolitic bodies doming up the nearly horizontal strata above a given 
horizon ; as vertical and comparatively narrow dikes ; to a limited 
extent as surface flows ; and as a bedded series of breccias, tuffs and 
conglomerates. 

Eruptive activity was most energetic and widespread during the 
Eocene Tertiary ; it continued, however, sporadically, during later 
periods, the most recent outpourings of lava being probably of Pleis- 
tocene age. The principal rock types represented are : in the irregular 
cross-cutting masses, granite and diorite, and at a later period and in 
limited areas, rhyolite ; the laccolites are mostly of porphyrite, among 
dike rocks are found diorite, porphyritic diorite, porphyrite, and quartz 
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porphyry ; basalt occurs as a surface flow, and andesitic debris in the 
tuffs and conglomerates of the bedded series. 

Among sedimentary rocks in this region are found representatives 
of the principal formations from the Archean up to the close of the 
Mesozoic, with some later formations whose exact age is still somewhat 
doubtful. 

The Cambrian is represented by the Sawatch quartzite, which con- 
sists of 50 to 200 feet of white quartzite, conglomeritic at the base, and 
at certain horizons persistently glauconitic ; its fossils are of the Pots- 
dam type. 

The Silurian beds, which are locally called the Yule limestone, in 
an aggregate thickness of 350 to 450 feet consist mainly of limestones, 
with quartzite at the base and more shaly beds at the top. They con- 
tain the same fish remains that characterize the Harding sandstone of 
the Canyon City section, but organic remains have not been discovered 
in sufficient abundance to admit of the subdivison of the series on a 
palasontological basis. 

The Carboniferous is represented by three subdivisions. (1) The 
Leadville limestone, or Lower Carboniferous, has a thickness of 400- 
525 feet of dark-gray or blue limestones, with some intercalated quartz- 
ites and shales. Above this is (2) the Weber formation, which consists 
of 100-500 feet of shales and limestones, carrying fossils of Coal 
Measure type. The upper member, known as (3) the Morgan con- 
glomerate, consists mainly, as its name indicates, of conglomerates, 
which are characterized by the local abundance of pebbles of limestone. 
It has an observed maximum thickness of 4500 feet, and in its upper 
portion resembles lithologically the Red Beds, generally assigned to 
the Trias. 

The Juratrias, whose beds are separated from the last mentioned by 
a great unconformity, is represented by the Gunnison formation, which 
consists of a heavy white sandstone about 100 feet in thickness, over- 
lain by shales and a little limestone, and carries a fresh-water fauna of 
supposed Jurassic age. 

The Cretaceous is represented by five recognized subdivisions: 
The Dakota quartzite, 50-300 feet thick; the Benton shale, 150-300 
feet thick; the Niobrara limestone, 100-200 feet thick; the Montana 
formation, comprising the Pierre shales and Fox Hills sandstones, 
600-2000 feet thick ; the prevailing lithologic characteristics of each 
of which is indicated by its name. Among later beds are the Ohio 
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formation, about 200 feet of sandstone and conglomerates ; and the 
Ruby formation, with a maximum thickness of 2500 feet of sandstones, 
shales, and conglomerates made up to a large extent of eruptive debris. 
These formations are separated by an unconformity from the underly- 
ing Laramie, and to the west of this area pass beneath the beds of the 
Wasatch Eocene ; in the absence of fossil evidence they have been 
classed as Cretaceous. 

The geological structure of this region affords evidence of no less 
than four important orographic movements, involving the making of 
new land, the erosion and planing down of the same, and the inaugura- 
tion of a new cycle of sedimentation, which account for the great varia- 
tion in thickness of certain formations. First, during post-Archaean 
time, the first deposits, after which were Upper Cambrian (Sawatch 
quartzite); second, during Carboniferous time, followed by deposition 
of Weber shales and Maroon conglomerates ; third, during Mesozoic 
time, followed by deposition of the Gunnison sandstone ; and fourth, 
after Laramie time, followed by the Ohio, Ruby, and Eocene forma- 
tions. 

Mineral resources. — The most important economic product of the 
region is its coal, which is found in the lower part of the Laramie 
Cretaceous formation, between beds of sandstone. The quality of the 
coal varies, according to local conditions more or less favorable to 
metamorphism, from dry bituminous, through coking coal, to semi- 
anthracite and anthracite. Next in importance are its silver ores, 
which occur for the most part in true veins or fault fissures in all 
varieties of rock, but mainly in the sedimentary beds of upper horizons 
near eruptive rocks. The ores are generally rich, but in small bodies, 
and, in consequence of natural obstacles to cheap mining, have not 
been extensively worked. Gold has been found in paying quantities 
in the alluvium of a single gulch ; lead and copper are accessory pro- 
ducts in limited amounts. 



